ABSTRACT Luminous infrared galaxies (LIRGs) are enshrouded by a large amount of dust, produced by their active star formation, and it is difficult to measure their activity in the optical wavelength. We have carried out Paα narrow-band imaging observations of 38 nearby star-forming galaxies including 33 LIRGs listed in IRAS RBGS catalog with the Atacama Near InfraRed camera (ANIR) on the University of Tokyo Atacama Observatory (TAO) 1.0 m telescope (miniTAO). Star formation rates (SFRs) estimated from the Paα fluxes, corrected for dust extinction using the Balmer Decrement Method (typically A V ∼ 4.3 mag), show a good correlation with those from the bolometric infrared luminosity of IRAS data within a scatter of 0.27 dex. This suggests that the correction of dust extinction for Paα flux is sufficient in our sample. We measure the physical sizes and the surface density of infrared luminosities (Σ L(IR) ) and SFR (Σ SFR ) of star-forming region for individual galaxies, and find that most of the galaxies follow a sequence of local ultra luminous or luminous infrared galaxies (U/LIRGs) on the L(IR)-Σ L(IR) and SFR-Σ SFR plane. We confirm that a transition of the sequence from normal galaxies to U/LIRGs is seen at L(IR) = 8 × 10 10 L ⊙ . Also, we find that there is a large scatter in physical size, different from those of normal galaxies or ULIRGs. Considering the fact that most of U/LIRGs are merging or interacting galaxies, this scatter may be caused by strong external factors or differences of their merging stage.
INTRODUCTION
In recent years, many large deep cosmological surveys have been performed in various wavelengths, including ultraviolet, visible, infrared and submillimeter. These surveys have revealed that the star formation rate (SFR) density of the universe (cosmic SFR density, cS-FRD) increases with redshift, and peaks at 1 < z < 3 (e.g., Rujopakarn et al. 2010; Hopkins & Beacom 2006) . It is known that the cSFRD at the high-redshift universe is dominated by bright infrared galaxies; ULIRGs (Ultra Luminous Infrared Galaxies; L(IR) ≡ L (8-1000 µm) ≥ 10 12 L ⊙ ) and LIRGs (Luminous Infrared Galaxies; L(IR) ≡ 10 11 -10 12 L ⊙ ) dominate 80% of total star formation activities at z ∼ 1 (e.g., Caputi et al. 2007; Goto et al. 2010) , and these galaxies are in the starburst sequence which have high star formation efficiency (SFE = SFR (M ⊙ yr −1 )/M gas (M ⊙ )) of around 10
yr −1 (e.g., Lada et al. 2012; Daddi et al. 2010 ) in contrast of 10 −9 yr −1 for normal galaxies. In order to probe the detailed properties of these galaxies, and to understand how they have been formed and evolved, nearby ULIRGs and LIRGs are ideal laboratories because they can be spatially resolved.
In the local universe, normal galaxies show extended star-forming regions over a few kilo-parsecs along the spiral arms, while distributions of star-forming regions of LIRGs at the high infrared luminosity end (log(L(IR)/L ⊙ ) = 11.8-12.0) and ULIRGs, which are considered to be in the starburst sequence, become very compact and concentrated at central regions (e.g., Soifer et al. 2000; Díaz-Santos et al. 2010; Rujopakarn et al. 2011 (R11) ; Alonso-Herrero et al. 2012) . However, the relationship between star formation activities and spatial distribution of star-forming regions, and the mechanism of starburst is still an open question. Some simulations of galaxy formation suggest that the central concentration of stars and gases is formed by interacting/merging systems, which accumulates dense gas clouds and triggers starburst (Barnes & Hernquist 1996) . However, there have been not enough observational studies to reveal the relations.
To understand the detailed mechanism of starburst activities in U/LIRGs, the star formation rate is one of the most important parameters. Many indicators for estimation of star formation rate, such as X-ray, ultraviolet (UV), Hα, mid-infrared (MIR), and far-infrared (FIR) emission have been used. Hydrogen recombination lines, which is emitted from the current star-forming regions within 10 Myr (Sanders & Mirabel 1996) , are direct tracers of star-forming region. Especially, optical hydrogen recombination lines such as Hα and Hβ are usually used because they can be observed easily. However, U/LIRGs are affected by a large amount of dust (extinction of A V ∼ 3 mag for LIRGs; Alonso-Herrero et al. 2006 , and A V > 10 mag for ULIRGs; Piqueras López et al. 2013) , typically associated with the regions of active star formation. Therefore, those lines are easily attenuated by the dust. Wherein the hydrogen Paα emission line (1.8751 µm) is a good tracer of the dusty star-forming region because of its insensitivity to the dust-extinction (Alonso- Herrero et al. 2006 ) and being the strongest emission line in the near-infrared wavelength range (NIR, λ ∼ 0.9-2.5 µm), which can reach higher spatial resolution easily than in the MIR and FIR. However, because of poor atmospheric transmission around the wavelength of Paα emission line (Figure 1 ) due to absorptions mainly by water vapor, no Paα imaging from a ground-based telescope is reported so far, although there are some spectroscopic observations of Paα in redshifted galaxies (e.g., Hill et al. 1996; Falcke et al. 1998; Murphy et al. 1999; Kim et al. 2010) . To overcome these difficulties, it is necessary to observe the emission line by either a space-borne facilities such as the Near Infrared Camera and Multi-object Spectrometer (NICMOS) on Hubble Space T elescope (HST ) (e.g., Scoville et al. 2001; Alonso-Herrero et al. 2006; Liu et al. 2013a) or facilities built at sites with low PWV. However, some researchers have pointed out that HST /NICMOS (already decommissioned in 2010) may be insensitive to diffuse Paschen-alpha emission due to its intrinsic high angular resolution (e.g., Alonso-Herrero et al. 2006; Calzetti et al. 2007; Kennicutt et al. 2007; Rieke et al. 2009 ).
Therefore, we have been carrying out Paα narrowband imaging observations (Tateuchi et al. 2012a with Atacama Near InfraRed camera (ANIR; Motohara et al. 2008 , Konishi et al. 2014 K14) , on the University of Tokyo Atacama Observatory (TAO, Yoshii et al. 2010) 1.0m telescope (miniTAO; Minezaki et al. 2010) installed at the summit of Co. Chajnantor (5640m altitude) in northern Chile to understand distributions of star-forming region and properties of dust-enshrouded infrared galaxies in the local universe. Thanks to the high altitude and the extremely low water vapor content of the site we can stably observe Paα emission line has been observationally confirmed (Motohara et al. 2010 (Motohara et al. , 2011 Tanabé et al. 2013) .
In this paper, we describe our sample of luminous in- -Top: atmospheric transmittance in the wavelength range containing the H-and the Ks-band. The bold line represents the difference of the median value of the transmittance at the TAO site (altitude of 5,640 m, PWV = 0.5 mm) and that at the VLT site (2,600 m, PWV = 2.0 mm), both calculated by ATRAN (Lord 1992) . The shaded area with red shows the filter transmittance curve of the H-band, N 191, and Ks-band filters. Bottom: atmospheric transmittance around the N 191 filter. The bold line corresponds to that at the TAO site, and the dotted line at the VLT site. The overlaid thick red area shows the transmittance of the N 191 filter. The dashed vertical red line in the both plots represents the wavelength of the rest-frame Paα (1.8751 µm).
frared galaxies and the observation procedure in § 2, the method of data reduction and flux calibration in § 3, and the derived Paα flux and properties of individual galaxies in § 4. In § 5, we evaluate the selection bias due to our luminosity-limited sample, the effects of dust-extinction, the relationship between SFRs estimated from Paα and those from FIR fluxes, and the properties of surface densities of SFR. Then, we summarize them in § 6.
Throughout this paper, we use a Λ-CDM cosmology with Ω m = 0.3, Ω Λ = 0.7, and H 0 = 70 km s −1 Mpc −1 .
OBSERVATIONS
2.1. The Sample We have selected the target galaxies from the IRAS Revised Bright Galaxy Sample (RBGS : Sanders et al. 2003) . The location of the observatory limits the declination of the targets to be < 30
• . The wavelength range of the N 191 narrow-band filter limits the recession velocity to be 2800 km s −1 -8100 km s −1 , corresponding to the distances of 46.6 Mpc -109.6 Mpc. From these conditions, the number of observable galaxies in the RBGS is 151, and we have observed 38 galaxies out of them at random. The selected galaxies are listed in Table 1 . In our sample, the bolometric infrared luminosity (L(IR)) ranges between 4.5 × 10 10 L ⊙ and 6.5 × 10 11 L ⊙ , which ranges from the high luminosity end of normal galaxies to LIRGs.
Observation with Atacama Near Infrared Camera
The observations have been carried out using Atacama NIR camera (ANIR; Motohara et al. 2008, K14) installed Note.
-Column (1): Galaxy ID in this paper. Column (2): Galaxy name. Column (3): IRA catalog ID. Column (4): Right Ascension for the epoch 2000. Column (5): Declination for the epoch 2000. Column (6): Recession velocity. Column (7): Luminosity distance based on the parameters of Λ-CDM cosmology (e.g., Spergel et al. 2003) . Sanders et al. (2003) corrected for the different cosmic parameters. Column (9): Classification by optical spectroscopic observation taken from Kim et al. (1998) at the Cassegrain focus of the University of Tokyo Atacama Observatory (TAO, Yoshii et al. 2010) 1.0 m telescope (miniTAO; Minezaki et al. 2010 ).The observatory is located at the summit of Co. Chajnantor (5640m altitude) in northern Chile.
The value of the precipitable water vapor (PWV) is 0.1-0.7 mm (K14), and the atmospheric window opens around the wavelength of Paα (1.8751 µm). The median value of the PWV during the observation is 0.5 mm which is described in section 3.2. Figure 1 shows the simulated atmospheric transmittance with the ATRAN (Lord 1992) at the TAO site. It can be seen that the TAO site (altitude of 5,640 m, bold line) shows higher transmission than the Very Large Telescope (VLT) site at a lower altitude (2,600 m, dotted line), especially at the wavelength range around Paα.
We have carried out 5 observation runs from 2009 to 2011. 38 targets (44 individual galaxies) have been observed with the N 191 narrow-band filter, which has the central wavelength (λ c ) of 1.9105 µm with a FWHM of 0.0079 µm (∆λ) to cover redshifted Paα line. Also, we have carried out the observations with the H and K s broad-band filters to obtain stellar continuum images. The profiles of these filters are also shown in Figure 1 . Typical seeing size is 0.
′′ 8 during the observations. The total integration time for each galaxy is 540 s (60 s × 9 dithering) for the H and K s filters, and 1620 s (180 s × 9 dithering) for the N 191 except for UGC 12914/5 which is observed with longer integration time of 12420 s for a detailed study (Komugi et al. 2012) . As the Paα emission line is strongly affected by the PWV, the observations have been carried out during nights with low PWV (about 0.5 mm; details are described in the next section).
DATA REDUCTIONS

Reduction Procedure
The data are reduced using the standard IRAF software packages. In the first step of the data reduction, flat pattern and sky background are removed from raw images. A flat pattern image is made from a sky image produced by stacking all object-masked images per Note.
-Column (1): Galaxy ID in this paper. Column (2): Galaxy name. Column (3): Observed Paα total flux corrected for atmospheric absorption. Column (4): 1σ photometric error of Paα flux. Column (5): Estimated error by the atmospheric absorption correction of the Paα flux. Column (6): 5σ error by continuum subtraction of the Paα flux. Column (7): Estimated PWV using the calibration method described in K14, submitted. Column (8): Estimated effective atmospheric transmittance within the N 191 filter. Column (9): Estimated the effective line transmittance.
observation run for each filter. The skybackground is removed using a self-sky image which is made by stacking object-masked images in the same dither sequence. We do not correct the image distortions because it is negligible on ANIR. Each image is matched with World Coordinate System (WCS) using position of 2MASS stars (Skrutskie et al. 2006) . Then, these images are shifted according to WCS and co-added. In the second step, the flux scale of the combined image is calibrated by 2MASS stars. Comparing stars in the image with those in the 2MASS catalog, zero-point magnitude and system efficiency are derived. Because reference magnitudes of the N 191 filter are not available we derived them by interpolating the H-and K s -band magnitudes in the 2MASS catalog. Details of this flux calibration procedure are described in K14, arguing that the interpolating calibration technique produces negligible (< 0.01 mag) systematic error. The final H, K s and N 191 images are convolved with a Gaussian function to match the Point Spread Function (PSF) to the worst among the images (typical spatial resolution of the convolved images is 0.
′′ 9). Then, a continuum image is made by interpolating between H and K s images, and we derive a Paα line image by subtracting the continuum image from the N 191 image. 
Paα Flux Calibration
As there are many atmospheric absorption features within the wavelength range of the N 191 filter whose strength vary temporally with the PWV, it is difficult to calibrate the emission-line flux accurately ( Figure 1 ). To recover the intrinsic Paα fluxes accurately, we have used the following relation: X . The factor T line is estimated from a model transmittance curve assuming the Paα emission line profile with the PWV obtained above (details of the estimation is discussed in K14). In a real galaxy, width of an emission line is broadened by more than σ = 100 km s −1 due to velocity dispersion of their emission line clouds. To incorporate this effect, we assume the shape of the emission line to be a Gaussian profile with σ = 150 km s −1 for all the galaxies (Figure 2 ), which shows the least difference between the Paα fluxes obtained by the above method and those from narrow-band images by HST /NICMOS (Tateuchi et al. 2012b ). Although there is no Paα line profile measured in local LIRGs, velocity dispersion of σ = 150 km s −1 is reasonable because the value is consistent with those derived for Hα lines of local LIRGs ). Dispersion of differences in the fluxes between those obtained from HST /NICMOS and from our method is 12.2% (Tateuchi et al. 2012b) . Figure 2 shows the assumed intrinsic emission-line profile (dashed line), atmospheric transmittance (solid line), and estimated emission-line profile affected by the atmospheric absorption (dark-shaded area). The factor T line within the bandpass [λ 1 , λ 2 ] of the N 191 filter is then calculated as follows;
where z is the redshift obtained from IRAS RBGS catalog (Sanders et al. 2003) , T atm (λ) represents the model atmospheric transmittance curve, and λ Paα is the intrinsic wavelength of Paα (1.8751 µm).
In Table 2 , calculated Paα fluxes as well as (T PWV,N 191 atm ) X and T line estimated by our method are listed. The median value of the PWV is 0.5 mm during our observation.
RESULTS
Final Images
In Figure 3 , all of our 44 individual galaxies in 38 systems are shown. The continuum images made by interpolating the H and K s images are shown on the left side and the Paα line images, which is derived by subtracting continuum image from the N 191 image, on the right.
Paα Flux
To estimate a total Paα flux of a galaxy, we first estimate how extended emission-line distributions are. Because there are large diversity in Paα morphology, we use isophotal photometry technique for our image, where 5σ isophotal area above the sky background level for Paα image is used. The 1σ noise level is measured in each Paα image convolved with a Gaussian function with a FWHM of 8 pixels to reduce the noise level, and the 5σ area is defined in this convolved line image.
The results are shown in Table 2 and Figure 3 . Photometric uncertainties, σ(Paα) phot , are defined as 1σ noise level measured by applying many apertures having the same area size as that used for the measurement of the total Paα flux at blank sky positions. These values are not so large (∼ 0.5% on average). The σ(Paα) atm is an error due to our Paα correction method mentioned in Section 3 and set to be 12.2% (Tateuchi et al. 2012b ). We use the combination of them, as the total uncertainties on the measurement of the Paα flux.
Our results may miss any diffuse Paα emission whose surface brightness is lower than the 5σ threshold. In the HST /NICMOS images, missing the diffuse Paα flux is also pointed out by Alonso-Herrero et al. (2006) . In order to evaluate the maximum missing flux of Paα line emission (f (Paα) miss ), we assume the diffuse emission is spread over an aperture, whose area is defined by 10σ isophote for each continuum image. Then, the amount of the missing diffuse component is estimated to be 1.8% on average at a maximum. ′ 1. It is a barred spiral (Sa; HyperLeda 1 ) classified as an Hii galaxy by a long-slit spectroscopic study (Veilleux et al. 1995) . X-ray emission is not detected by Swift/BAT (Koss et al. 2013) . A ring starburst region are detected at the center of the galaxy. In addition to this structure, we find an extended Paα emission-line region along the southern spiral arm which is located outside the field of view of the HST /NICMOS observation. This galaxy, hosting a strong starburst and a weak AGN, as evidenced by its optical, infrared, radio, and X-ray properties, is known as a remnant of unequal gas-rich merger (e.g., Fernández et al. 2010; Schweizer & Seitzer 2007) . It is an S0/a (HyperLeda) and classified as a Seyfert 2 by a long-slit spectroscopic study (Veilleux et al. 1995) . Paα emission-line region is concentrated at the center of the galaxy. ′ . It is a barred spiral (SBa; HyperLeda) classified as an Hii galaxy (Corbett et al. 2003; Veilleux et al. 1995) . Hii blobs, suggested as optical debris, between these two galaxies are detected in Hα (e.g., Richter et al. 1994 ), but the Paα data is not enough deep to detect the blobs. While NGC 232 has bright FIR emission, NGC 235 has no FIR flux though it has bright Hii blobs (Richter et al. 1994) . This system is known as a merger at its middle or late stage, and consists of two galaxies, IC 1623B and IC 1623A. An obscured AGN in IC 1623B is revealed by MIR spectroscopy and X-ray observations (e.g., Alonso-Herrero et al. 2002; Grimes et al. 2006) suggesting that both starburst and AGN activities might be triggered by the ongoing merger. These galaxies are classified as an Hii galaxy (Corbett et al. 2003; Veilleux et al. 1995) . The diffuse component of Paα emission is distributed between the two galaxies over 10 kpc Saito et al. 2013) .
ESO 244-G012 (IRAS F01159−4443; VV 827; AM 0115-444):
This system is on-going interacting paired galaxies (Agüero et al. 2000) , separated by 17 ′′ . Both are spirals (Sc; HyperLeda), and the northern galaxy is classified as an Hii galaxy (Corbett et al. 2003) , while the class of the southern galaxy is ambiguous (Corbett et al. 2003) . The northern galaxy has bright con- 
UGC 2238 (IRAS F02435+1253):
This object is known as a merger remnant, and it is questionable whether it is undergoing or has undergone any amount of violent relaxation (Rothberg & Joseph 2004) . It is an edge-on disk galaxy (Sm; HyperLeda) classified as a LINER (Veilleux et al. 1995) . Strong Paα emission are detected not only from the central region, but also from the disk component.
7.
IRAS F02437+2122: This is an elliptical galaxy (E; HyperLeda) classified as a LINER (Veilleux et al. 1995) . X-ray emission is detected (S/N=2.7, L 14−195keV < 10 42.9 (erg s −1 )) by Swift/BAT (Koss et al. 2013 ), but no high-quality X-ray data is obtained. The Paα morphology is compact and concentrated at the central region. 
UGC 2982 (IRAS F04097+0525):
This is a barred spiral (SABa; HyperLeda) classified as an Hii galaxy by a long-slit spectroscopic study (Veilleux et al. 1995) . It is a diffuse isolated system having extended Hii gas (Chaboyer & Vader 1991) and 850 µm emission extends to the periphery of a optical disk (Thomas et al. 2004) . Paα emission-line region is also extended out to the disk with clumpy blobs.
9. NGC 1614 (IRAS F04315−0840; ARP 186; Mrk 617; IIZW 015): This is a well known merger at its late stage, and found to be a minor merger system with a mass ratio of 5:1∼3:1 (Väisänen et al. 2012) . It is a barred spiral (SBc; HyperLeda) classified as an Hii galaxy (Veilleux et al. 1995; Alonso-Herrero et al. 2001; Corbett et al. 2003) . A tidal tail can be seen in our continuum image, which is consistent with other broadband images Rodríguez-Zaurín et al. 2011) . A ring-like structure surrounding a nuclear region is discovered in a Paα image with HST /NICMOS Alonso-Herrero et al. 2001 ). An extended star-forming region is detected in the Paα image, but the ring-like structure can not be detected in the 0.
′′ 8 spatial resolution of ANIR. Alonso-Herrero et al. (2001) describes that the growth of the ring structure is "inside-out", but Olsson et al. (2010) suggests that the ring is the result of a resonance.
MCG −05-12-006 (IRAS F04502−3304):
This is an isolated barred spiral (SBb; HyperLeda) with a tidal tail (Yuan et al. 2010 ) and classified as an Hii galaxy (Yuan et al. 2010 ). Paα emission is compact and concentrated at the center of the galaxy.
11. NGC 1720 (IRAS F04569−0756): This is a paired galaxy with NGC 1726 at a distance of 8.
′′ 2. It is a barred spiral (SBab; HyperLeda), but its energy source is not identified. The Paα emission is concentrated at the center of the galaxy, and little emission can be seen at the spiral arm. ′ 6 towards the south. It is a barred spiral (SBbc; HyperLeda) classified as an Hii galaxy by a long-slit spectroscopic study (Corbett et al. 2003) . Ultra-hard X-ray (14-195 keV) emission cannot be detected by Swift/BAT (Koss et al. 2013 ). The companion shows tidal distortion in the R-band and an Hα image ′ 5. This is not a well studied pair (Jenkins et al. 2005) . The both galaxies have high IR luminosities of log(L FIR /L ⊙ ) = 10.8 (Sanders et al. 2003) . Paα emission is extended along the spiral arms over 10 kpc. ) observations report starburst regions distributed in a ring-like shape, while they can not be seen in continuum images. In the Paα image, the same ring structure can be seen, and the emission line region is extended beyond the ring. This is known as a post-merger between an early-type and a spiral, located at the outskirts of the Coma cluster (Sheen et al. 2009 ). It is an elliptical (E; HyperLeda) classified as a LINER (van den Broek et al. 1991) , and shows extended soft X-ray emission not originated from an AGN but possibly related to the on-going star formation (Alonso-Herrero et al. 1999) in the northern galaxy, especially. In the Paα image, the concentrated northern nucleus has strong and extended emission, but the southern one is faint. 
NGC 5257/8 (IRAS F13373+0105 NW/SE;
Arp 240; VV 055; KPG 389): These galaxies form an interacting pair with a separation of 1.
′ 3. NGC 5258 is an SA(s)b; peculiar, and NGC 5257 is an SAB(s)b; peculiar (de Vaucouleurs et al. 1991) both are classified as Hii galaxies (Corbett et al. 2003; Veilleux et al. 1995) . While a tidal tail between these galaxies can be seen in the continuum image, Paα emission is not detected there, which is consistent with Hα imaging observations . NGC 5257 has Paα blobs along the ′′ 6. Both are spirals (Sc; HyperLeda) classified as Seyfert 2 (Corbett et al. 2003) . Although tidal tails exist not only between these galaxies but also at spiral arms of each galaxy as can be seen in the continuum image, the Paα emission is not detected there, being consistent with Hα imaging observations . While the western galaxy has a strong and concentrated Paα emission at the central region, the eastern galaxy has extended Paα emission not only at its center but also along its spiral arms. 
21
. IC 4687/6 (IRAS F18093−5744; AM 1809−574): This is a system of three interacting galaxies (IC 4687; IC 4686; IC 4689) (West 1976) . The separation between the northern (IC 4687) and center (IC 4686) galaxy is 27.
′′ 8, and between the center and the southern (IC 4689) galaxy is 56.
′′ 8. The northern galaxy is a barred spiral (SABb; HyperLeda), the center is an elliptical (E; HyperLeda), and the southern is a barred spiral (SABa; HyperLeda), all classified as an Hii galaxies (Yuan et al. 2010; Veilleux et al. 1995) . These galaxies show strong Paα emission; the northern galaxy has disturbed blobs like a ring starburst, which is consistent with a Paα image of HST /NICMOS (Alonso-Herrero et al. 2006), the central galaxy has concentrated Paα emission at the center, and the southern galaxy has extended emission regions along the spiral arms. We can not see the Paα emission between these galaxies, which is consistent with Hα imaging observations (Rodríguez-Zaurín et al. 2011; Dopita et al. 2002) . 
IRAS F18293−3413:
This galaxy is an S0/a (HyperLeda) classified as an Hii galaxy (Veilleux et al. 1995) . It shows a concentrated Paα emission region at the center and diffuse region along the disk.
ESO 339-G011 (IRAS F19542−3804):
This is an isolated barred galaxy (SBb, HyperLeda) with a tidal tail (Yuan et al. 2010 ) classified as a Seyfert 2 (Yuan et al. 2010) . It has disturbed Paα emission at the center and some blobs can be detected along the disk. It seems to have a companion with a separation of 14.
′′ 3 with a tidal tail. The Paα emission region possibly were induced by merger, but the emission can not be detected in the companion.
NGC 6926 (IRAS F20305−0211; VV 621):
This is a barred galaxy (Sc; HyperLeda) and has a companion of dwarf elliptical (NGC 6929) at a distance of ∼ 4 ′ towards east. The starburst activity of this galaxy has presumably been triggered by a M51-type density wave induced by the companion (Lutz 1991) . This is classified as a Seyfert 2 (Veilleux et al. 1995) or an Hii galaxy (Corbett et al. 2003) . While strong Hα emissions are seen along the spiral arms especially in the northern part, no emission is detected in the nucleus . However, bright Paα emission is detected not only at the spiral arms but also in the nucleus.
IC 5063 (IRAS F20481−5715; AM2048−571):
This is an S0/a (HyperLeda) considered as a merger remnant (Colina et al. 1991 ) and classified as a Seyfert 2. It shows high polarization in the near IR continuum (Hough et al. 1987 ) and strong broad Hα emission in polarized flux (Inglis et al. 1993 ). These results suggest that there is an obscured hidden broadline region (HBLR) (e.g., Tran 2001; Lumsden et al. 2001; Antonucci & Miller 1985) and the broad emission line is scattered into our line of sight by scatters outside the obscured regions (Morganti et al. 2007 ). Also, this object is the first galaxy where a fast gas outflow has been discovered (Morganti et al. 1998) . A Paα emission is strongly concentrated at the center and extended towards NW-SE direction, which may consistent with the direction of extend NLR reported by Colina et al. (1991) .
ESO 286-G035 (IRAS F21008−4347):
This is a spiral (Sc; HyperLeda) classified as an Hii galaxy (Veilleux et al. 1995) . In the Paα image, there is a strong emission line region at the center extended along the disk. F21330−3846; VV 714; AM 2133−384) : This is a barred spiral (Sbc; HyperLeda) classed as an Hii galaxy (Yuan et al. 2010; Veilleux et al. 1995) . It is known as a strongly interacting pair (Vorontsov-Vel'Yaminov & Arkhipova 1974 ) with a separation between the two galactic nuclei of 10.
ESO 343-IG013 (IRAS
′′ 9 in the K s -band image. The northern part of the galaxy has concentrated Paα emission at its center, while the southern part has strong Paα emission at the its center and extended region along spiral arms. classified as LINER/Seyfert 1 (Corbett et al. 2003; Veilleux et al. 1995) . It is known as a peculiar/disturbed spiral (Lauberts 1982) 
ESO 534-G009 (IRAS F22359−2606):
This is a spiral (Sab; HyperLeda) classified as a LINER (Veilleux et al. 1995) . There is a strong Paα emission at the central region.
NGC 7469 (IRAS F23007+0836
; Arp 298; NED 01; Mrk 1514; KPG 575A): This is a spiral (Sa; HyperLeda) classified as a Seyfert 1 (Veilleux et al. 1995) . It is known to have a circumnuclear ring with a diameter on scales of 1.
′′ 5-2. ′′ 5 (Davies et al. 2004) , which is observed in the radio (Wilson et al. 1991; Condon et al. 1991; Colina et al. 2001) , in the optical (Mauder et al. 1994) , in the mid-infrared (Miles et al. 1994; , and in the near-infrared (Genzel et al. 1995; Lai et al. 1999; Scoville et al. 2000) wavelengths. In Paα image, the ring structure can not be resolved by the seeing size of the ANIR data.
CGCG 453-062 (IRAS F23024+1916):
This is a spiral (Sab; HyperLeda) classified as a LINER (de Vaucouleurs et al. 1991) . In Paα image, it has extended Note. -Column (1): Galaxy ID in this paper. Column (2): Galaxy name. Column (3): Size of Paα emission line regions in diameter defined to be an elliptical (major axis) contained 50% flux within the Petrosian radius (Peterson et al. 2012) . Column (4): Observed Paα luminosities. Column (5): Paα-derived star formation rates. Column (6): Paα-derived star formation rates with dust extinction correction. Brackets values are dust-extinction corrected SFRs by using assumed E(B − V ) = 1.05, the average value of all our objects. Column (7): IR-drived star formation rates. Column (8): Amount of dust extinction derived from balmer decrement using the flux ratio of Hα and Hβ. Column (9): References for the dust extinction. 1; Veilleux et al. (1995), 2; Dopita et al. (2002), 3; Rodríguez-Zaurín et al. (2011) star-forming region distributed not only at the central region but also along the disk.
NGC 7591 (IRAS F23157+0618):
This is an isolated (Yuan et al. 2010 ) barred spiral (SBbc; HyperLeda) classified as a LINER (Veilleux et al. 1995) . In Paα image, a strong emission peak is at the central region, and diffuse emission regions distributed along the spiral arms and the barred structure.
34. NGC 7678 (IRAS F23259+2208; Arp 028; VV 359): This is a barred spiral (Sc; HyperLeda) classified as an Hii galaxy (Ann & Kim 1996) . It has a massive spiral arm in the southern part of the galaxy, and is considered to have experienced strong interaction which induced active star formation in the nucleus and in the southern arm (Ann & Kim 1996) . In Paα image, strong emission line regions are at the central region, and at the southern arm. Extended diffuse emission can be seen along the spiral arms. ′ .5 in the K s -band image. In Paα image, a strong emission is detected not only at the central region but also along the disk, while a Paα emission can not be detected in the tidal tail between Arp 295A and Arp 295B. image. NGC 7770 is a spiral (S0-a; HyperLeda), and NGC 7771 is a barred spiral (Sa; HyperLeda) classified as an Hii galaxy (Veilleux et al. 1995) . Both NGC 7771 and NGC 7770 show a strong Paα emission. NGC 7770 has strong emission in the spiral arm rather than at the central region, while NGC 7771 has strong emission at the central region rather than in the disk. The morphology of central Paα emission in NGC 7771 seems to be a ring starburst. No Paα emission is detected between these galaxies.
Mrk 331 (IRAS F23488+1949; KPG 593B):
This is a member of a group of three galaxies; an irregular separated by 1.
′ .4 and a spiral by 2 ′ (Mirabel 1983) . It is a spiral (Sa; HyperLeda) classified as an Hii/Seyfert 2 (Soifer et al. 2001 ). In Paα image, an emission line appears to be concentrated at the central region.
38. UGC 12914/5 (IRAS F23591+2312; VV 254; III Zw 125; KPG 603; TaffyI): These are barred galaxies (SBc; HyperLeda). It is an interacting system with an extended shock-induced synchrotron radio emission connecting the two galaxies (Condon et al. 1993; Peterson et al. 2012) . The steepening of the radio spectral index at the bridge indicates a face-on collision which occurred only 20 Myr ago (Condon et al. 1993 ). There are many Hii blobs in a Paα image, and it is considered that many of them are induced by the collision (Komugi et al. 2012 ).
DISCUSSION
The Effect of Dust-extinction for Paα Flux
Even though the Paα emission line is less sensitive against dust extinction, we can not ignore its effect. Typical amount of dust extinction in LIRGs is A V ∼ 4 mag (Alonso-Herrero et al. 2006) as derived by the "Balmer Decrement Method" (Calzetti et al. 2000) using the flux ratio of Hα and Paα. To correct for the dust-extinction in our sample, we adopt the extinction curve of Calzetti et al. (2000) with R V = 4.05, which results in A V /A Paα = 6.97, and A Hα /A Paα = 5.68, meaning that Paα is typically attenuated by 0.57 mag in LIRGs. In Table 3 , color excess (E(B − V )) derived by balmer decrement method using ratios of Hα and Hβ taken from Veilleux et al. (1995) , Dopita et al. (2002) , and Rodríguez-Zaurín et al. (2011) are listed. 26 galaxies, with Hα and Hβ data in our sample have A V = 4.25 mag (E(B − V ) = 1.05) on average, and we adopt this value for the rest of the sample.
Star Formation Rates
SFRs are derived from Paα luminosity using the following relation, assuming a relation on SFR-Hα luminosity assuming a Kroupa IMF (Kennicutt et al. 2009 ) and a flux ratio of Hα/Paα = 8.6 (T = 1000 K, n e = 10 4 cm −3 , Hummer & Storey 1987) in starburst galaxies;
where L(Paα) is the luminosity of Paα. Dust-extinction uncorrected star formation rates (SF R(Paα)) obtained from L(Paα) and those corrected for dust-extinction (SF R(Paα) corr ) are shown in Table 3 . Figure 4 shows the comparision between SF R(Paα) corr and SFR derived from the dust-extinction corrected Hα luminosity (SF R(Hα) corr ). The dust-extinction corrected Hα luminosities are taken from Rodríguez-Zaurín et al. (2011) and Dopita et al. (2002) , which are obtained by narrow-band imaging or integral field spectroscopy. Their correlation is generally good, but SF R(Paα) corr is larger than SF R(Hα) corr systematically, while both are expected to be the same value because it is emitted from a same region by a same mechanism. Liu et al. (2013b) have found that correcting dust extinction using Hα/Paβ gives much larger star formation rate than using Hα/Hβ (Balmer decrement) in star formation regions of M83. Considering this study, the difference between SF R(Paα) corr and SF R(Hα) corr suggests that Paα can see star-forming activity through a more dusty region than Hα.
FIR and bolometric infrared luminosities are also good indicators for star formation in dusty starburst galaxies (e.g., Kennicutt 1998; Kewley et al. 2002; Hirashita et al. 2003) , because MIR to FIR emission in these galaxies arises from re-radiation of dust-absorbed shorterwavelength photons. Bolometric IR luminosities (L(IR)) are derived from the IRAS ADDSCAN/SCANPI 12 µm, 25 µm, 60 µm, and 100 µm data (Rush et al. 1993; Sanders et al. 2003) compiled by Sanders et al. (2003) and the following relation (Sanders & Mirabel 1996) ;
−14 (13.48f 12 +5.16f 25 + 2.58f 60 + f 100 )),
where D L is the luminosity distance in meters, and f 12 , f 25 , f 60 , and f 100 are the IRAS flux densities in Jy at 12, 25, 60, and 100 µm, respectively. Then, SF R(IR) is derived using the following relation ; The results are listed in Table 3 .
Comparison of SF R(IR) and SF R(Paα) is shown in Figure 5 . The solid line shows the one-to-one relation between SF R(IR) and SF R(Paα). The dotted line represents the best fit relation for all galaxies assuming a slope of one and the dashed line represents the same but using only Hii galaxies. Both indicate that SF R(Paα) are systematically offset by −0.3 dex from SF R(IR). Figure 6 is comparison of SF R(IR) and SF R(Paα) corr . Some samples have no Hα data, therefore we correct for dust-extinction assuming E(B − V ) = 1.05 (A V = 4.3) which is an average value of our sample. In this figure, we also plot a sample of galaxies from Alonso-Herrero et al. (2006) where SF R(Paα) are derived in the same way as described above, but we do not use this sample in our best-fitting relations. The offset between SF R(Paα) corr and SF R(IR) is −0.07 dex within a scatter for 0.27 dex.
Malmquist Bias
In Figure 5 and 6, it seems that the slopes of the distribution of Hii galaxies are larger than that of one. Actually, the slopes are 1.8 in Figure 5 and 2.1 in Figure  6 . This may be caused by "Malmquist bias" (Malmquist 1925) , where brightness of a sample falls off quickly until the brightness falls below observational threshold, because the luminosity range of our sample is spread over only 1 order of magnitude. Therefore we have estimated this effect in our sample with the following a simple test.
We first create a model set of 38 galaxies with SFR of "X" (M ⊙ yr −1 ) within the same IR luminosity range as our sample. This X for each galaxy is converted into "Y " by adding Gaussian-random "noise" with σ = 0.3 dex, which is the same value as the dispersion between log(SF R(Paα) corr ) and log(SF R(IR)). Then, a best-fit relation is obtained for the plot of X and Y . In this fitting, two kinds of relations are used; one is 1 freeparameter function (log(Y ) = log(X) + b) and the other is two free-parameters function (log(Y ) = a · log(X) + b). We have carried out the above procedure 1000 times.
In the 2 free-parameter fitting, we find the slope a to be 2.0 ± 0.3, which is larger than the intrinsic value of 1 and consistent with the observed value of a = 2.1. In the 1 free-parameter fitting, we find that the offset is b = 0 ± 0.05. The Large slope of the distributions in Figure 5 and in Figure 6 come from the Malmquist bias. To remove the Malmquist bias it is necessary to expand the luminosity range. The offset of −0.07 dex in Figure 6 with 1 free-paramter fitting is within the statistical error.
Comparison Between IR SFR and Paα SFR
From our simple test, the vertical offsets in Figure 5 and in Figure 6 are insensitive to the Malmquist bias. To explain the offset of −0.3 dex in Figure 5 by dustextinction, A V = 5.7 is required. Alonso-Herrero et al. (2006) suggested that the spectroscopic dust-extinction derived from an Hα and Paα is A V = 4.1 on average, which is almost the same value as our result but slightly smaller. Figure 6 shows that there is a relatively good coincidence between the SF R(Paα) corr and the SF R(IR) on average.
Although our result shows that there is a good correlation between SF R(Paα) corr and SF R(IR), some of the galaxies have offset from it. For example, ESO 534-G009, having lowest SF R(Paα) corr in our sample, is a late-type spiral (Sab) classified as a LINER, and its Paα emission is emitted from a unresolved compact central region. This galaxy shows an order of magnitude lower SF R(Paα) corr than SF R(IR). The galaxies with smaller SF R(Paα) corr than SF R(IR) may have larger dust extinction than measured; indeed, Piqueras López et al. (2013) shows that dust-extinction of central region of LIRGs are estimated to be A V = 5 ∼ 13 mag by using infrared indicators, larger than the value obtained using optical. Another possibility is contribution to IR luminosity by dust particles heated by more evolved stars, called the "IR cirrus" component (e.g., Kennicutt 1998; Kennicutt et al. 2009 ), which may overestimate SF R(IR).
Surface Densities of IR Luminosity and Star Formation Rate
The size of star-forming regions in LIRGs at high IR luminosity end and in ULIRGs are compact while the normal galaxies show extended star-forming region over a few kilo-parsecs along the spiral arm (e.g., Soifer et al. 2000; Díaz-Santos et al. 2010; Alonso-Herrero et al. 2012) . R11 find that the size of star-forming regions changes drastically at the LIRG luminosity, suggesting that these differences are caused by strong interaction (Totani et al. 2011) . However, there are few sample at the "transition" point. To investigate this relationship between the size and star-forming activity, we measure sizes of star-forming regions in our large sample of LIRGs with Paα emission line images, which fill the gap between normal galaxies and ULIRGs in R11.
We define size of a star-forming region of a galaxy to be an elliptical diameter (major axis) containing 50% flux within a Petrosian radius (Petrosian 1976 ) defined in the Paα line image convolved with a Gaussian function with σ = 4 kpc in physical scale as done in R11 and list it in column-(3) of Table 3 . Figure 7 shows the comparison between the IR luminosities and the sizes of the starforming regions except for the 5 galaxies (NGC 5257/8, IC 4518A/B, IC 4686/7, NGC 7770/1, UGC 12914/5) which are paired galaxies and the size of SFR can not be defined. We find that the sizes of the LIRGs in our sample is distributed from 0.3 kpc or less to 25 kpc. Especially, IC 1623A/B, NGC 2342, NGC 7678, NGC 6926 have a large (> 9.5 kpc) star-forming regions along their spiral arms. Figure 8 shows the comparison between the SFRs derived from Paα and the sizes of the star-forming regions including 5 galaxies (NGC 5257/8, IC 4518A/B, IC 4686/7, NGC 7770/1, UGC 12914/5) removed from Figure 7 . Our results fill the blank parameter space between normal galaxies and ULIRGs in R11. Figure 9 shows a comparison of IR luminosites and surface densities of IR luminosity (Σ L(IR) ) derived by dividing a IR by area of a star-forming region;
where r m is the Petrosian radius listed in Table 3 . In this figure, the dotted line represents the sequence of normal galaxies derived by best fitting of local normal galaxies and high-z star-forming galaxies in R11 and Rujopakarn et al. (2013) . R11 shows that the sequence of local U/LIRGs is different from that of local normal galaxies. Therefore we obtained the sequence of U/LIRGs by fitting sub-LIRGs (L(IR) ≥ 10 10 L ⊙ ) and ULIRGs of both ours and those in R11 with the dashed line, that is log 10 (Σ L(IR) ) = 3.6 × log 10 (L(IR)) − 30.0. Figure 7 and 9 show that Σ L(IR) become higher and the size of the star-forming region become more compact as the L(IR) increase, and the transition point from the sequence of normal galaxies and U/LIRGs is at L(IR) = 8 × 10 10 L ⊙ , which is consistent with the result of R11. Figure 10 shows a comparison of SFRs derived from Paα and surface densities of SFR (Σ SFR ) derived by dividing a SFR by area of a star-forming region;
The dashed line is the best fit linear relation for U/LIRGs and sub-LIRGs (SF R ≥ 1.1 M ⊙ yr −1 ) including both ours and those in R11, where log 10 (Σ SFR ) = 3.4 × log 10 (SFR) − 3.2. In this plot, our results fill the blank Rujopakarn et al. 2013) , while dashed line the sequence of U/LIRGs, which is the best fit relation using the sample from this work and R11.
between the sequence of normal galaxies and U/LIRGs, and the transition point is at SF R = 7 M ⊙ yr −1 , which is a consistent value with that in the Σ L(IR) -L(IR) relation.
Also we find that there is a large scatter in both figures, different from those of normal galaxies and U/LIRGs in R11. Some simulations of galaxy formation suggest that while merging or interacting galaxies in their early stages have extended star-forming regions along their collision interfaces and disks (Saitoh et al. 2009 ), late-stage mergers have compact and concentrated star-forming regions at their centers (Barnes & Hernquist 1996) . Our results show that while LIRGs have a wide range in sizes of the star-forming regions from less than 1 kpc to over 10 kpc, almost all LIRGs at high luminosity end and ULIRGs have compact star-forming region around 1 kpc or less. Considering the fact that all the ULIRGs are mergers (Soifer et al. 2000) , there is a possibility that ULIRGs and LIRGs at high luminosity end with compact starforming regions are at the late-stage in the merging history. On the other hand, from sub-LIRGs and LIRGs at low luminosity end with extended star-forming regions may be at first-stage in merging history.
SUMMARY
We have observed 38 galaxy system listed in IRAS RBGS catalog in Paα with narrow-band imaging (cz = 2800-8100 km s −1 , L(IR) = 4.5 × 10 10 -6.5 × 10 11 L ⊙ ) using near infrared camera (ANIR) for the University of Tokyo Atacama Observatory 1m telescope, installed at the summit of Co. Chajnantor in northern Chile.
We have estimated the Paα fluxes from the narrowband images with our newly developed flux calibration method. We find that SF R(Paα) corr which is SFR obtained from Paα luminosity corrected for the effect of dust extinction with balmer decrement method (Hβ/Hα) shows good agreement with SF R(IR), which is star formation estimated from total infrared luminoisity. This result suggests that Paα with dust-correction is sufficient for estimating SFR of whole the galaxy. However, some galaxies have large differences between the SF R(Paα) corr and the SF R(IR), which may be caused by effect of AGNs, strong dust-extinction, or IR cirrus component.
We also obtain surface densities of L(IR) (Σ L(IR) ) and SFR (Σ SFR ) for individual galaxies by measuring physical sizes of star-forming regions. The range of SFR in our sample (from 0.6 to ∼ 104 M ⊙ yr −1 ) fill the blank of the range of SFR in the previous work. We find that most of the samples follow a sequence of local U/LIRGs on the L(IR)-Σ L(IR) and SFR-Σ SFR plane. We confirm that a transition of the sequence from normal galaxies to U/LIRGs is seen at L(IR) = 8 × 10
10 . Also, we find that there is a large scatter in physical size, different from those of normal galaxies or ULIRGs. Considering the fact that most of U/LIRGs are merging or interacting galaxies, these scatters may be caused by the strong external factors or the differences of their merging stage.
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The intrinsic flux in the narrow-band filter (F N 191 int ) can be divided into two components; one is continuum (F 
We also assume that the wavelength dependence of the continuum within the N 191 filter is negligible. To derive F l int it is necessary to estimate the effect of instrumental absorption and atmospheric absorption due to PWV. The throughput (ζ ANIR ) can be written as 
Then, we can obtain the following equation by using (A5), (A6) and (A8), 
